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SYNTHETIC PROCESS FOR TRANS-AM1NOCTCLOHBXYX ETHER COMPOUNDS 
FIELD OF THE INVENTION 

— ■ • T T"' " Sa,m " y ^ 3 f " «» >«P^on of 

rteraoKomencauy subsfcnuaUy pure tians-O^ammocycfchexy, ether md , 

IT"™ «*— W* pure .ran, (1 ^annnocyc 1 ohexy 1 emer compounds 

ZZ1 " ~ - — - Solved. The compounds are ^ for ^ Lea. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Scheme I illumes a general reaction scheme tha, may he used as a process for preparing a 
™~«auypu^ 

Scheme 2 Umstia.es a reaction scheme ma, may he used as a process for preparing a 
^.somencauysubs^nypu^^ 

steraois „' 1 rcMi0n — Preparing a 

«^-^~a%pu^^ 

— ,• n mUS&ateS 8 reaai0,, *- ^ *• — - • Process for preparing a 

stere_ca„y substimtiaUy pure tianK^^aminocyc.ohexy.emer impound of formers, 

Scheme 5 inustia.es a genera. reaction scheme ma. may he used as a pnocess for preparing a 

emer compound of fonnZ, 
stereo- « ' ^ ™* — " « »~- «* faring a 

Scheme 7 iUustiafos a reaction scheme ma. may be used as a process for preparing a 
sti—ncally substantial* pure tianK^^snunocydohe^emer expound of fornl o7 

Scheme 8 UIustin.es a reaction schente ma, may he used as a process for preparing a 
».er«o_^ y pm ^w^^^ comp<jimd at{orm ~ 

Scheme 9 UIustia.es a general reaction scheme ma, may be used as a process for preparing a 
s.emo.smnericauy suhs.antiaUypnre tian^^^autinocyCohexy, emer compel offormu" 

Scheme ,0 i U ustia,es a general reaction scheme ma, may he nsen as a process for praparing a 
a,ere_caHy subsfcnnaUy pme tians^^anrinocyciohexy, ^ ^ ^ ^ 

Scheme II iUustia.es a reaction scheme tira, may be used as a pmccss for preparing a 
s,ereo.someriealIy subshuuiaUy pure trans-, 1* 2*1 amino™, u ■ ... ss lor prepanng a 

, pure nans (l*,2J!)-ammooyclohexylether compound of formula (1 8). 
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Scheme 12 illustrates a reaction scheme that may he used as a process for preparing a 
stereoisomerically substantially pure trans-'(li?,2i?)-aminocyclohexylether compound of fonnula (18). 

Scheme 13 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(l/?,2*)-aminocyclohexyl ether compound of formula (9). 

Scheme 14 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(ltf,2*>ammocyclohexylether compound of formula (18). 

Scheme 15 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (7). 

Scheme 16 illustrates general a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (7). 

Scheme 17 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (16). 

Scheme 18 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (16). 

Scheme 19 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (1 6). 

Scheme 20 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (4) and a stereoisomerically substantially pure 
compound of fonnula (5). 

Scheme 21 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (11) and a stereoisomerically substantially 
pure compound of formula (12). 

Scheme 22 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (10) and a stereoisomerically substantially 
pure compound of formula (13). 

Scheme 23 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (11) and a stereoisomerically substantially 
pure compound of fonnula (10). 

Scheme 24 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(15,25)-aminocyclohexyl ether compound of formula (20). 

Scheme 25 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans<l£25)-aminocyclohexylemer compound of formula (22). 
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Scheme 26 illustrates a reaction scheme that may be used as a process for preparing a 
stereo 1S omencally substantially pure trans.(15.2^-aminocyclohexylether compound of formula (22) 

Scheme 27 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomericaUy substantially pure trans-(l«2^anunocyclohexylether compound of formula (22) 

Scheme 28 illustrates a general reaction scheme that may be used as a process for preparing a 
stereo^omerically substantially pure tra M -(l«2^aminocyclohe X yl ether compound of formula (20) 

Scheme 29 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(l«2^-aminocyclohexylether compound of formula (22) 

Scheme 30 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-d^^^-aminocyclohexylether compound of formula (22) 

Scheme 31 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(l«25).aminocyclohexylether compound of formula (22) 

Scheme 32 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomericaUy substantially pure transKl^^^aminocyclohexyl ether compound of formula (20) 

Scheme 33 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-d^^^-aminocyclohexyl ether compound of formula (20) 

Scheme 34 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans<15;2 5 )-ammocyclohexylether compound of formula (22) 

Scheme 35 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-do-^^-aminocyclohexylether compound of formula (22) 

Scheme 36 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure tranK16:2^aminocyclohe X yl ether compound of formula (20) 

Scheme 37 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(15.25).aminocyclohexylether compound of formula (22) 

Scheme 38 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomericaUy substantially pure compound of formula (19). 

Scheme 39 illustrates general a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (19). 

Scheme 40 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (21). 

Scheme 41 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomericaUy substantially pure compound of formula (21). 
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Scheme 42 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (21). 

DESCRIPTION OF THE INVENTION 

The present invention is generally directed toward a process for the preparation of 
stereoisomerically substantially pure trans-O^^ainmocyclohexyl ether compounds and a process for 
the preparation of stereoisomerically substantially pure trans-OS 2^aminocyclohexyl ether compounds 
as well as various intermediates and substrates involved. The final products are useful for treating 
medical conditions, for example, cardiac arrhythmias, including atrial arrhythmia and ventricular 
arrhythmia, as disclosed in PCT CA99/00280, incorporated herein by reference in its entirety. The 
intermediate compositions and may also be used to produce the final medically useful compound or other 
intermediates thereof. 

Definitions and Conventions 1 

In the formulae depicted herein, a bond to a substituent and/or a bond that links a 
molecular fragment to the remainder of a compound may be shown as intersecting one or more.bonds in a 
ring structure. This indicates that the bond may be attached to any one of the atoms that constitutes the 
ring structure, so long as a hydrogen atom could otherwise be present at that atom. Where no particular 
substituent(s) is identified for a particular position in a structure, then hydrogen(s) is present at that 
position. For example, compounds of the invention containing the following group: 

R 3i 




R4 

Rs' ^ 

are intended to encompass groups wherein any ring atom that could otherwise be substituted with 
hydrogen, may instead be substituted with either R 3 , R4 or R 5 , with the proviso that at least two of the 
positions are not substituted with any of R 3 , R4 and R s . Ring atoms that are not substituted with any of 
R 3 , R* or R 5 are substituted with hydrogen. In those instances where the invention specifies that a non- 
aromatic ring is substituted with more than one R group, and those R groups are shown connected to the 
non-aromatic ring with bonds that bisect ring bonds, then the R groups may be present at different atoms 
of the ring, or on the same atom of the ring, so long as that atom could otherwise be subfstituted with a 
hydrogen atom. 
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When the invention specifies the location of an asymmetric divalent radical, then that 
d,valent radical may be positioned in any possible manner that provides a stable chemical structure. 

The compounds of the present invention contain at least two asymmetric carbon atoms and 
thus can exist as enantiomers and diastereomers. Unless otherwise noted, the phrase "stereoisomerically 
substantially pure" generally refers to those asymmetric carbon atoms that are described or illustrated in 
the structural formulae for that compound. 

The phrase "independently at each occurrence" is intended to mean (i) when any variable 
occurs more than one time in a compound of the invention, the definition of that variable at each 
occurrence independent of its definition at every other occurrence; and (ii) the identity of any one of 
two different variables (.*, R, within the set R, and R 2 ) is selected without regard of the identity of the 
other member of the set However, combinations of substituents and/or variables are permissible only if 
such combinations result in stable compounds. 

In accordance with the present invention and as used herein, the following terms have 
meanings as generally understood to those of skill in the art, or are defined to have following meanings: 

"Acid addition salts" refers to those salts which retain the biological effectiveness and 
properties of the free bases and which are not biologically or otherwise undesirable, formed with 
inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid 
and the like, or organic acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid 
maleic acid, malonic acid, succinic acid, fumarie acid, tartaric acid, citric acid, benzoic acid, cinnamic 
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, ^toluenesulfonic acid, salicylic acid and 
the like. 



"Acyl" refers to branched or unbranched hydrocarbon fragments terminated by a carbonyl 
-(C=0)- group containing the specified number of carbon atoms. Examples include acetyl (Ac) 
[CH 3 C(-0)-, a C 2 acyl] and propionyl [CH 3 CH 2 C(=0)-, a C 3 acyl]. 

"Alkanoyloxy" refers to an ester substituent wherein the non-carbonyl oxygen is the point 
of attachment to the molecule. Examples include propanoyloxy [(OI 3 CH 2 C(=0).0-, a C 3 alkanoyloxyl 
and ethanoyloxy [CH 3 C(=0>0-, a C 2 alkanoyloxy]. 

"Alkoxy" refers to an O-atom substituted by an alkyl group, for example, methoxy 
[-OCH 3 ,aC,alkoxy]. 

"Alkoxyalkyl" refers to a alkylene group substituted with an alkoxy group. For example 
methoxyethyl [CH 3 OCH 2 CH 2 -] and ethoxymethyl (CH 3 CH 2 OCH 2 -] are both C 3 alkoxyalkyl groups. 
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"Alkoxycarbonyl" refers to an ester substituent wherein the carbonyl carbon is the point of 
attachment to the molecule. Examples include ethoxycarbonyl [CH 3 CH 2 OC(=0)-, a C 3 alkoxycarbonyl] 
and methoxycarbonyl [CH 3 OC(=0)-, a C 2 alkoxycarbonyl]. 

"Alkyl" refers to a branched or unbranched hydrocarbon fragment containing the specified 
number of carbon atoms and having one point of attachment. Examples include „-propyl (a C 3 alkyl), iso- 
propyl (also a C 3 alkyl), and /-butyl (a C<alkyl). Methyl is represented by the symbol Me or CH 3 . 

"Alkylene" refers to a divalent radical which is a branched or unbranched hydrocarbon 
fragment containing the specified number of carbon atoms, and having two points of attachment. An 
example is propylene [-CH 2 CH 2 CH 2 -, a C 3 aDcylene]. 

"Alkylcarboxy" refers to a branched or unbranched hydrocarbon fragment terminated by a 
carooxyhc acid group [-COOH]. Examples include carboxymethyl [HOOC-CH 2 -, a Qalkylcarboxy] and 
carboxyethyl [HOOC-CH 2 CH 2 -, a C 3 alkylcarboxy]. 

"Aryl" refers to aromatic groups which have at least one ring having a conjugated pi 
electron system and includes carbocyclic aryl, heterocyclic aryl (also known as heteroaryl groups) and 
biaryl groups, all of which may be optionally substituted. Carbocyclic aryl groups are generally preferred 
in the compounds of the present invention, where phenyl and naphthyl groups are preferred carbocyclic 
aryl groups. 

"Aralkyl" refers to an alkylene group wherein one of thepoints of attachment is to an aryl 
group. An example of an aralkyl group is the benzyl group (Bn) [C^CH.-, a Qaralkyl group]. 

"Cycloalkyl" refers to a ring, which may be saturated or unsaturated and monocyclic 
bicyclic, or tricyclic formed entirely from carbon atoms. An example of a cycloalkyl group is the 
cyclopentenyl group (CsH,-), which is a five carbon (C 5 ) unsaturated cycloalkyl group. 

"Carbocyclic" refers to a ring which may be either an aryl ring or a cycloalkyl ring, both as 
defined above.. 

"Carbocyclic aryl" refers to aromatic groups wherein the atoms which form the aromatic 
nng aro carbon atoms. Carbocyclic aryl groups include monocyclic carbocyclic aryl groups such as 
Phenyl, and bicyclic carbocyclic aryl groups such as naphthyl, all of which may be optionally substituted. 

"Heteroatom" refers to a non-carbon atom, where boron, nitrogen, oxygen, sulfur and 
Phosphorus are preferred heteroatoms, with nitrogen, oxygen and sulfur being particularly preferred 
heteroatoms in the compounds of the present invention. 

"Heteroaryl" refers to aryl groups having from 1 to 9 carbon atoms and the remainder of 
the atoms are heteroatoms, and includes those heterocyclic systems described in "Handbook of Chemistry 
sf-1539479 



and Physics," 49th edition, 1968, R.C. Weast, editor, The Chemical Rubber Co., Cleveland, OH. See 
particularly Section C, Rules for Naming Organic Compounds, B. Fundamental Heterocyclic Systems. 
Suitable heteroaryls include furanyl, thienyl, pyridyl, pyrrolyl, pyrimidyl, pyrazinyl, imidazolyl, and the 
like. 

•-Hydroxyalkyl" refers to a branched or unbranched hydrocarbon fragment bearing an 
hydroxy (-OH) group. Examples include hydroxymethyl (-CH 2 OH, a C.hydroxyalkyl) and 
1-hydroxyethyl (-CHOHCH3, a C 2 hydroxyalkyl). 

"Thioalkyl" refers to a sulfur atom substituted by an alkyl group, for example thiomethyl 
(CH 3 S-,aCithioalkyl). 

"Modulating" in connection with the activity of an ion channel means that the activity of 
the ion channel may be either increased or decreased in response to administration of a compound or 
composition or method of the present invention. Thus, the ion channel may be activated, so as to 
transport more ions, or may be blocked, so that fewer or no ions are transported by the channel. 

•Tharmaceutically acceptable carriers" for therapeutic use are well known in the 
pharmaceutical art, and are described, for example, in Remingtons Pharm aceutical SiaW* Mack 
Publishing Co. (A.R. Gennaro edit. 1985). For example, sterile saline and phosphate-buffered saline at 
physiological pH may be used. Preservatives, stabilizers, dyes and even flavoring agents may be provided 
in the pharmaceutical composition. For example, sodium benzoate, sorbic acid and esters of 
/>-hydroxybenzoic acid may be added as preservatives. Id at 1449. In addition, antioxidants and 
suspending agents may be used. Id. 

'Tharmaceutically acceptable salt" refers to salts of the compounds of the present 
invention derived from the combination of such compounds and an organic or inorganic acid (acid 
addition salts) or an organic or inorganic base (base addition salts). The compounds of the present 
invention may be used in either the free base or salt forms, with both forms being considered as being 
within the scope of the present invention. 

The "therapeutically effective amount" of a compound of the present invention will depend 
on the route of admimstration, the type of warm-blooded animal being treated, and the physical 
characteristics of the specific warm-blooded animal under consideration. These factors and their 
relationship to determining this amount are well known to skilled practitioners in the medical arts. This 
amount and the method of admimstration can be tailored to achieve optimal efficacy but will depend on 
such factors as weight, diet, concurrent medication and other factors which those skilled in the medical 
arts will recognize- 
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Compositions described herein as "containing a compound of the present invention- 
encompass compositions that may contain more than one compound of the present invention formula. 

The synthetic procedures described herein, especially when taken with the general 
knowledge in the art, provide sufficient guidance to perform the synthesis, isolation, and purification of 
the compounds of the present invention. 

The following examples are offered by way of illustration and not by way of limitation. 
Unless otherwise specified, starting materials and reagents maybe obtained from well-known commercial 
supply houses, e.g., Sigma-AIdrich Fine Chemicals (St. Louis, Missouri), and are of standard grade and 
purity, or may be obtained by procedures described in the art or adapted therefrom, where suitable 
procedures may be identified through the Chemical Abstracts and Indices therefor, as developed and 
published by the American Chemical Society. 

Outline of Some Gener al Reaction Processes of the Invention 

The aminocyclohexyl ether compounds of the present invention contain ether and amino 
functional groups disposed in a 1,2 arrangement on a cyclohexane ring. Accordingly, the ether and aniino 
functional groups may be disposed in either a cis or trans relationship, relative to one another and the 
plane of the cyclohexane ring. The present invention provides synthetic processes whereby compounds of 
formula (9) with trans-(ltf,2*) configuration for the ether and amino functional groups may be prepared 
in stereoisomerically substantially pure form. Compound of formula (18) is an example represented by 
formula (9). The present invention also provides synthetic processes whereby compounds of formula (20) 
with trans-(l£2S) configuration for the ether and amino functional groups may be prepared in 
stereoisomerically substantially pure form. Compound of formula (22) is an example represented by 
formula (20). The present invention further provides synthetic processes whereby compounds of formulae 
(4), (5), (7) and (19) maybe synthesized in stereoisomerically substantially pure forms. Compounds (11) 
and (13) are examples of formula (4). Compounds (10) and (12) are examples of formula (5). Compound 
(16) is an example of formula (7). Compound (21) is an example of formula (19). The aminocyclohexyl 
ether compounds of the present invention may be used for medical applications, including, for example, 
cardiac arrhythmia, such as atrial arrhythmia and ventricular arrhythmia. 

As outlined in Scheme 1, the preparation of a stereoisomerically substantially pure trans 
aminocyclohexyl ether compound of formula (9) may be carried out by following a process starting from 
a racemic mixture of meso-cis-l,2-cyclohexandiol (1). Compound (1) is commercially available (e.g. 
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Sigma^drich, St Louis, Missouri) or can be by published ^ ^ 

«. a.., Org. Process Res. & Dev., 1998> j, M7; 0rganic SyMhes ^ ^ ^ » ^ or 

to a firs, step, one of the hydroxy groups of compound (1) is converted under suitab.e 
colons u«o an activated fom, as represent by the racemic mixture comprises of f„„nn>ae (2) and 

JTT- " ^ teeia *" - ^ ~» * ~ *- » Sood lenving 

'* " "" h *«* Wi » «— " • - W— with 

™ of me stereochemica, configuration. Tne .eaving gmnp may be any suitabte .caving group on 
reason w,th a nuCeophiHc reachu,, with aversion of stemochemica. configuration Known in I ari 
mctudrng but no, Umited «o compounds disclosed in M3. Smith and March in ■^arch'a Advanced 
Orgamc Chennshy-, Fifth edition, Chapter .0, John Wiley * Sons, Inc., New Vorx, NY. (200,) Specific 
examp,es of such .eaving gmnps include a mes yl ate (MsO-) group, a tosy,ate gmup 0^, a 2- 
bmmophenylsmfonate group, a 4-bromopheny Is mfonate group or a nosylate (NsO-) group. The hydroxy 

JT1 T™*" ° rSaniC ^ ^ >«■ «- WHey * Sons, Inc., 

New Yo* NY. (2001 , in a typica. reaction for the formation of a tosyiate, compound (,) is treated with 
phoned amount of hydmxy aenvafing reagent such as may. cmonde OTsCO m me plL of a ble 
snchaspyn^eorhremyamine. Thereacnonmayhemomtorcnandisgeneranysansmcmrily 

product. The addmon ofother reagents to tacihtate the formation of the monotosylatea may be 
adv^tageous.yempI.yedCe.g.hO.MarimeUi.eta.. "Se.ec.ive monosmfonyWon of interna. .;2-di„s 
oa^yzed hy dr-n-bnty ltt n oxide" Tehahedron Letters, 2000, «. 3773, The racemic mixhne comprise of 

sepamted m.o products mat are in stereoisomericaUy subaannauy pure fonn snch as (4) and (5) wherein 

II IT TO ° 1U,i0n Pro0eSS ^ *» -*» -o isoml. m 

™ ~ ■> may he adcua* that me reso.ution process produces compounds of (4) and (5) of 

~ h T T reso ' u ' ten of racemio 816 weu to - « <•* ^ 

Wrlen, m oVereocW^/Ogn,,* Cb.^; Joim wiIey & ^ New 
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ctoma.ogn.pWc separetion (eg. HPLC with chira. stationary phase Md/or „«, simuIate<J bed 
technology) are some of the examples that may be applied. 

For compound of fbnnuJa (4) when G is hydrogen, (4) is the same as compound (2) and in 
a separate reaction. step, alkylanon of the free hydroxy group in compound (4) ,„ form compound (7) is 
earned ou, under appropriate conditions whh compound (6), where -O-Q represents a good leaving 
gmup ou reaction with a hydroxy Amotion with retention of the stereochemical configuration of tire 
hydroxy (unction in the formation of an ether compound. The leaving group may be any suitable leaving 
group known in the an, including but no, Untiled ,o compounds disclosed in Greene, -Protective Groups 
» Cranio Chemistry*, John Wiley & Sons, New York NY (1991). Specific examples of -0-<J groups 
■nclude include trichjoroacetimidate. For some compound («), i, may be neoesaary to introduce 
appropnate protection groups prior to tins step being performed. Suitable protecting groups are se, ford, 
m, for example, Greene, "Protective Groups in Organic Chemistry", John Wiley & Sons, New York NY 
(1991). For compound of formula (4) when G is not hydrogen, suitable methods are used to convert (4) to 
compound (2). For example when G is a Ca any. (taction, , mild baseo-catelvzed methanolysis (G 
Zempten e, a.., Be,, !936, S2, 1 827) may be useti to transform (4) to (2). The latter eon then undergo the 
same reaction with (6) to produce (7) as described above. 

In a separate step, the resulted compound (7) is treated under suitable conditions with an 
amino compound of formula (8) ,o form compound (9) as the product. The reaction may be earned ou, 
Wdh or wuhou, a sob-en, and a, an appropriate temperature range «ha, allows dr. formation of tire product 
9) a, a suitable rate. An excess of dte amino compound (8) may be used to maxima!* convert compound 
(7) te ttte product (9). The reaction may be performed in the presence of a base that can facititate tire 
formation of «h. product General* tire base is non^ucleophilic in chemical reactivfty. When the reaction 
has proceeded ,. substitute completion, foe product is recovered from foe reaction mixfore by 
conventional mganic chemhdry techniques, and is purified accordingly. Protective groups may be 
removed a, foe appropriate stege of foe reaction sequence. SuitaMe meftods are se, forth in, for example 
Greene, "Protective Groups in Organic Chemistry", John Wiley & Sons, New York NY (1991) 

The reaction sequence described above (Scheme 1) generates foe compound of fbnnula (9) as the 
flee base. The free base may be converted, if desired, to foe mohohydrochloride sal, by known 
methodologies, or alternative*, if desired, to ofoer acid addition salts by reaction with an inorganic or 
orgamc acid under appropriate conditions. Acid addition salts can also be p«pared metetbetically by 
reaction of one acid addition sal, with an acid foa, is shonger than foal giving rise to foe taitial sal, 
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In one aspect, the present invention provides a process for the preparation of a stereoisomer^ 
substantially pure compound of formula (9); 

5 

(9) 

wherein, independently at each occurrence, R, and R 2 are independently selected frorx 
hydrogen, C.-Qalkyl, C 3 -C 8 alkoxyalky], C.-Cghydroxyalkyi, and C^aralkyl; or 

R, and R 2 , when taken together with the nitrogen atom to which they are directly attachec 
in formula (9), form a ring denoted by formula (I): 

0) 

wherem «he n„ g fomula (j, is ^ ^ fte ^ ^ ^ ^ ^ ^tional 

nng .tern independent* elected fiom carbon, niticgen, oxygen, and su.fi*; where any two adjacent ring 
atoms may be joined togetoer by singfe or donbl. bonds, attd where any one or more of the additional 
carbon nng atoms may be substituted with one or two substitoenfe se.ec.ed from hydrogen, hydroxy 
G-C^ydroxyafcyi, oxo, C 2 -C,acyl, .C.-Csaftyl. Ct-Cialkylcarboxy, C.-Calkoxy, C.-Caalkanoyloxy, or 
may be snbstimted to fonn a spiro five- or six^embered heterocyclic nng containing one or two 
heteroatoms selected fiom oxygen and sulfur; and any two adjacent additional carbon ring atoms may be 
(Used to a CrCscamocyclic ring, and any one or more of me additiona! nitiogen ring atoms may be 
substitoted with snbstituenta ae.ec.ed fiom hydrogen, CCafty., C^acy., Q-ChydroxyaUty, and 
C 3 -C 8 alkoxyalkyk or 

R. and R 2 , when taken together with the nitrogen atom to which they are directly attached in 
formula (I), may form a bicyclic ring system selected from 3-azabicyclo[3.2.2]nonan.3-yl, 2-aza- 
bxcyclo[2.2.2]octan-2-yl, S-azabicyclop.l.Olhexan-S-yl, and a-azabicyclop^.OJheptan-a-yl; and 

R 3 , R4 and R 5 are independently selected from bromine, chlorine, fluorine, carboxy, hydrogen 
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl, trifluoromethyl, 
C 2 -C 7 alkanoyloxy, C,-C*ukyl, C,-Qalkoxy, C 2 -C 7 alkoxycarbonyl, C.-C 6 thioalkyl, aryl and N^R.) 
where R, and R 7 are independently selected from hydrogen, acetyl, methanesulfonyl, and C.-^alkyl- ' 
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comprising the steps of stetting with . CMnpoun<1 of ^ ^ ^ fc g 
sequence as outlined in Scheme 1 under suitable conditions, wherein 

G and G, are independently selected fa. hydrogen, C-Qacyl, or any other suitable function, 
groups ma, are introduced as pari of the resolution process necess*y for the action of the tw 



isomers; 



-O-Q represents a good leaving group on reaction with a hydroxy function with retention of tt 
stereochemical configuration of me hydroxy fimction in me formation of an enter compound, includin, 

-O-J repreaenfs a good leaving group on reaction with a nucleophilic reactan, with Aversion o 
fce srereochemica. configuration, inchtding, hut no, limited fo. those disdosed in "Protective Groups i 
Organtc Chemistiy-, John Wiiey * Sons, New York NY (199!), as shown in Scheme 1 and al, * 
formulae and symbols are as described above. 

In another aspect (he preaen, invention provides a precoss for me preparation of , 
sterco.somcric.Hy substentially pure compound of formula (,8), comprising me steps under suifabf, 
condmons as shown in Scheme 2, wherein aU me formulae and symho!s are as described above A 
oufnned in Scheme 2, me preparation of a stereoisomericaUy substentially pure n™ aminocyclohexy 
enter compound of fornutia (.8) may he carried on, by starting wim me mono,osy.ati„n of ois-t 2 

TlT^T ^ TSC1 to **~ 0fBU2Sn ° " ""W— "* »«* conditions (MJ 
MarhneU,, e, al. "Selective monosulfonylatio, of interna. U-diols catelyxed by di-n-bmyitin oxide' 
Tetrahedron Inters, 2000, 41 3773). Jnina. non-optimized yie,ds of 80-90% have been achieved, an, 
toher option is being pursue. The renting racemfc mixture ofhydroxyfcsyates comprises o, 
compounds (1 ,) and (10) is subjected fo a lipaae-mediaten resolution process under sniteble conditio,, 
such as freafmen, of tire ( u^ m „ iai vinyl ^ (I4) fa ,„ ^ ^ 

fiom s P . (N. Boaz e, a,., Tabu. Asymmetiy, .994, L ,53) to provide compound (1 ,) an, 

02). to a separate step, fhe StereoisomericaUy substantially pure compound of formuta („) obtained 
fam m. resolution process is alky,ated under apprepriate conditions by boatmen, wim th, 
mcMoroacehmtdate (.5) to form compormd (.6). Imtia. non^timixed yi.,ds of 60-70% have been 
-moved, and fiuther optimization is being pursued. The tiicmoroacetimidate (15) is readily prepared 

sZa ZTr, ^ 3 - 4 ^ h °^^ wMch is commercial avanable (e.g. 

S t^dnch, St Louts. Missouri,, by treabnen. wim hich,oroace,„ni«,e. The aUcyhtion of compound 
(11) by rnchloroacenmjdate (IS) may be carried out in die presence of a Lewis acid such as HBF 4 
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such - ,7 TV. "* ,osyhte 8ro ° p of fcmra,a (,6) is * - — 

sue - ar-pynohduro, (l7) ^ of ja-pv^idino, (1 „ „ c^eL,. 

' '30, 385-397). The reacuon ^ b-li out ^ or ^ ^ 
^ ^ an f 7 n,Priate ,an ~ ™*< - — *— of-he product (, 8 , a, a suitae* rate. Ai 
~ ° aDUn ° COmPOU ' ,d ^ ^ -* '° °°«™< — 06) .0 the produc 

ZuTo ^ 7 " e Pnf0nned ta " ° f ' *- ** - »-»«- »• • - of ft. 

£HT? ^ " — to *— When .he reacuon ha, 

proceeded » substonha. comp.enon, ». desired product is recovered ^ ^ ^ 

cmtventrona. or^c chemishy technics, and is pnrified accordh,^. WtU non-opmniaed - 
approxunatcly w. have been achieved, and .urmer optimization is bein S p^ed 

In another aspect, the fnf ^ m of a stereoisomericaBy ^ ^ aminocyclohexyi 

zzrzi 

m i r^ m ! ^ " - * COTditi011S * *~ fa ' 3 - « - *■ formal 

slZ " " *~ * ° Uained to ^ 3 ' ^ »" stereoisomericaUv 

7 7" a " ilWCy ™ — — — - *— 08) may he carHed out by sUnOn 
" """T^" ° f to ^'.^ohexandi., „ ^ TsC1 ta ^ presmce „ J 

STL" rr We COnditi0,B °" MartfaeW - « * — y-oo of interna. 
eaUtyzed by di-„-outv It in o^de- Tetrahedron UUers, 2000, 4L 3773, The res„ Itog raeenric 

™mue of hydmxv^ates comprises of compounds („> and 00) is subjected ,. a ^mediated 
ZTZrT "* M ° f — — <»> - 00) with vinv. 

1^4, 5, 153) to provide compound (13) and (10). 

flour thT " SteP ' ^ 8tereOUOmeriCaUy «- — of formuU (.3) ohtained 

Z I " 10 ' »" «— «** (O. Zcmp.en e, a,.. Bar., 

"ft mf" lh? C ° mP0Und (U) - ^ " ^ — -«B»o„s by treahnen, 

" r~ to ^ COmPO,I^<, (16) ' 03) is readUy 

prepaid from me oonespondmg a,coho., J.^imemoxyphenemy. ^eoho. which is In^iany 

— (e. & Si^dHch, St. U*. Missourt), by ^eahnen, wim flicbioroace^nihiie. The"™ 

^poun, ( M)b ytf c U o„da,e„ 5)m ayhecarr i edou,m tt epr K ^ 
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In another separate step, the tosylate group of formula (16) is displaced by an amino compound 
such as 3*pym>lidinol (17) with inversion of configuration, ^-pyrrolidinol (17) is commercially 
available (e.g. Sigma-Aldrich, St. Louis, Missouri) or may be prepared according to published procedure 
(e.g. Chem.Ber7Recueil 1997, 130, 385-397). The reaction may be carried out with or without a solvent 
and at an appropriate temperature range that allows the formation of the product (18) at a suitable rate An 
excess of the amino compound (17) may be used to maximally convert compound (16) to the product 
(18). The reaction may be performed in the presence of a base that can facilitate the formation of the 
product. Generally the additional base is non-nucleophilic in chemical reactivity. When the reaction has 
proceeded to substantial completion, the desired product is recovered from the reaction mixture by 
conventional organic chemistry techniques, and is purified accordingly. 

In another aspect, the present invention provides a process for the preparation of a 
stereoisomerically substantially pure compound , of formula (18), comprising the steps under suitable 
condmons as shown in Scheme 4, wherein all the formulae and symbols are as described above As 
outhned m Scheme 4, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (18) may be carried out by starting with the monotosylation of the cis-1 2- 
cyclohexandiol (1) with TsCl in the presence of Bu 2 SnO and triethylamine under suitable conditions (M J 
Marnnelli, et al. "Selective monosulfonylation of internal 1,2-diols catalyzed by di-.-butyltin oxide" 
• Tetrahedron Letters, 2000, 4L 3773). The resulting racemic mixture of hydroxytosylates comprises of 
compounds (11) and (10) is subjected to a chromatographic resolution process under suitable conditions 
such as HPLC with an appropriate chiral stationary phase and simulated moving bed technology to 
provide compounds (1 1) and (1 0) in stereoisomerically substantially pure form. 

In a separate step, the stereoisomerically substantially pure compound of formula (1 1) obtained 
from the resolution process is alkylated under appropriate conditions by treatment with the 
tnchloroacetimidate (15) to form compound (16). The trichloroacetimidate (15) is readily prepared from 
the conesponding alcohol, 3,4-dimethoxyphenethyl alcohol which is commercially available (e.g Sigma- 
Aldnch, St. Louis, Missouri), by treatment with trichloroacetonitrile. The alkylation of compound (1 1) by 
tnchloroacetimidate (15) may be carried out in the presence of a Lewis acid such as HBF 4 . 

In another separate step, the tosylate group of formula (16) is displaced by an amino compound 
such as 3^-pyrrolidinol (17) with inversion of configuration. 3^-pyrrolidinol (17) is commercially 
available (e.g. Sigma-Aldrich, St Louis, Missouri) or may be prepared according to published procedure 
(e.g. Chem.Ber./Recueil 1997, 130, 385-397). The reaction may be carried out with or without a solvent 
and at an appropriate temperature range that allows the formation of the product (18) at a suitable rate. An 
sf-1539479 



~ anm, ° C0, " ,,0 ' md 07) ^ be — «° — -pound 06) «o the predu, 

(H). The reaction may be perfcrmed in the presence of , base tha, can facilitate me formation of d, 
product General* dm additional base is nou-nucleophilic in chemical reactivity. When the reaction ht 
proeeeded ,o subaantial comptetion, the desired preduc, is recovered from «he reaction mixture b 
conventional organic chemistiy techniques, and is purified accordingly. 

The reaction sequences described above (Scheme 2, Scheme 3 and Scheme 4) in general gene** 
me compound of formuia (,8) as me fiee base. The fiee base may be convened, if desired, te u, 
monohydrechloride sal, by too™ memodomgres, or alternative*, ,o other acid addifion salts by reactio 
wnh an morganic or organic aeid under appropriate conditions. Acid addifion salta can aiso be prepay 
metafiteticauy by reacfion of one acid addifion sah with an acid flta, is sfionger than ma, giving rise ,. th 
initial salt. 



In another aspect the preparation of a stereoisomericaUy substantially pure trans aminocyclohexv 
ether compound of fonnnla (9) may be carted out under suitable conditions by a process as oufined h 
Scheme 5, comprising the steps of stinting win. a raeemic mixtitre compriaes of formulae (2) and (3) an, 
Mown* a reaction sequence analogous to the appHcuble portion mat i, described in Scheme ., whereu 
ail the formulae and symbols are as described above. 



In another aspect, the preparation of a StereoisomericaUy substantially pure ,r a ns antinocyclohexy 
efiter compound of fcrmula (, g ) may be carried on, under suitable cations by a process as outtined h 
Scheme «, comprising the steps of sterting win, a raeemic mixture compriaes of fbnnmae (11) and (10 
and following a reaction sequence analogous «o me apphcabre portion ma, is described in Scheme 2 
wherem aU die formulae and symbols are as described above. 

In another aspect the prepamtion of a stereoisomericaUy snbstentiaUypure «ans aminocyclohexy 
enter compound of fonnula (,8) ntay be carted on, under suitabre conditions by a precess as ouuinefi ir 

and fonowmg a reaction sequence anamgous to the applicable portion tha, is described in Sohenre 3 
wherem all the foimulae and symbols are as described above. 

In another aspect the prepamtion of a StereoisomericaUy sutatimtiaHypure fans anrinocyclohexyl 
enter compound of fonnula ( 18) may be carted ou, under suitable conditions by a preceas as opined m 
Scheme 8, comprising me steps of starting with a racemic mixture comprises of formulae (11) and (.0) 
and IbHowmg a reaction sequence analogous m me app„cab,e portion ma, is described in Scheme 4 
wherem all the formulae and symbols are as described above. 
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In another aspect, the preparation of a stereoisomerically substantially par. mms aminocyclohe, 
ether compound of formula (9) may be carried „u, under suitable conditions by a process as outlined 
Scheme 9, comprising the steps of starting with a compound of formula (4) where G is hydrogen . 
followmg a reaction sequence analogous «, the applicable portion that is described in Scheme 1, where 
aU the fomtulae and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyolohex 
ether compound of formula (9) may be carried out under suitable conditions by a process as outlined 
Scheme 10, comprising the steps of sterttag with a compound of fotmula (4) where G is not hydregen a. 
followmg a reaction sequence analogous to the applicable portion that is described in Scheme 1, where 
all the fonnulae and symbols are as described above. 

m another aspect the preplan of a stereoisomerically substantial* pure trans aminocyolohex 
efoer compound of formula (, ») may be carried out under suitable conditions by a process as oumned 
Scheme 11, cou^rising me steps of starring with a compound of fotmula (1,) and following a reactic 
sequence analogous to the applicable portion tita, is described in Scheme 2, wherein all the fonnulae ar 
symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substentially pure nans aminocyclohetr 
ether compound of formula (, 8 ) may be carried ou, under suitable conditions by a process as oudined I 
Scheme .2, comprising tire steps of sterting with a compound of fomurta (.3) and following a reactio 
sequence analogous to «he applicable portion «ha, is described in Scheme 3, wherein aU me formulae an 
symbols are as described above. 

m another aspect, the preparation of a stereoisomerically substantially pure trans aminocyolohex- 
efoer compound of formula (9) may be carried ou, under amiable conditions by a process as outimed 1 
Scheme 13, comprising the steps of stating with a compound of formula (7) and following a reactio 
sequence analogous to the app,foab le portion tita, is described in Scheme 1, wherein all the fonnulae an 
symbols are as described above. 

In another aspect the prepatatioo of a stereoisomerically substantially pure tons aminocyolohex, 
elher compound of fonnula (,8) may be canied out tmder suitable conditions by a ptocess as outiined I 
Scheme .4, comprising the steps of sterting with a compound of fonnula (16) and foUowing a reactio 
sentence anafogous to the applicab.e portion that is described in Scheme 2, wherein aU the fonnulae an, 
symbols are as described above. 
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In another aspect, fte prepay of a s^isomericaHy substantia,* pure compound of fonml| 
CT .ay be earned ou, under suifcMe ronJitioils „ y . pr0MSS „ ^ fa ^ ] 
steps of ^starung wft compound of fomuIa (1) ^ fo|lowi „ g a rMctioB 8 
appneabfe poriron fta, is describe* to Schane ,, wherein ^ ^ ^ ^ ^ 
aoove. 

In softer aspect, fte prepay of a steremsontericauy substantia!* pure compound of for™. 

I?!, JT t C ° ndi,i0n5 *•"»"— — » ^heme ,6, comprising ft 

step* of sturhng w.th compound, of fonnuU (,) and lowing a macdon se,ue»co ana,ogo„s to ft 

^ ^ - 15 — * «~ ^ aU fte fonnrfae and symbols are I describe- 
In another aspect, fte preparation of a stereoisomer^ subsanuany pure compound of fonnul, 

2 oTln T ^ C ° ndi,i0,,S ^ " PK>CKS ^ fa —~ »• -P^S dr, 
steps of sfcrung wtft impound o, formuia („ and Mowing a reacdon sequence anaiogous to ft, 

" " 0rti0n - iS *— * — - fomndae and symbo.s am I describe, 

h, another aspect, fte preparadon of a stereoisomericany substantia^ pure compound of fbnnuh 
6) may be earned on, under suitable condmons by a process as ouftned in Scheme lg, comprising ft, 
teps of ^ with compound of fotnuda (I) and foHo^ng a reaction science a^ogL to ft 
apphcahie pordon that is described in Scheme 3, „hemm ad fte formuiae and symboia are I describe 

f.6) ma!b 3, ' 0te * e PrePara,i0,, ° f S — — »■* P- compound of fonnul* 

(.6) may be earned on, under auitab.e conditions by a ptocess as oudioen in Scheme 19 , 

~ POrt, ° n ** * ^ fa <• — - fte format and symbols are L describ j 

(4) andTIv 7* ,h : i,re,,ara,i0tt ° f ™~ * substanuauy pum compounds of formuiae 
4) and (5) may be earned on. under suitable condidons by a pmcess as oudined in Scheme 20 
comprtsmg fte steps of spring wift compound of formuia (,) and foiling a reaction setpj^ 

s zr r ab,e " is d ^ b — 1 • 

■* " e -" d • >, ' , — «**•■ «—*». by a process as outnned in Scheme 2., 
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comprising the steps of storting wHh compos of fotmuia (1) and Mowing a action sequenc 
analogous to the appticable portion «ha, is described in Scheme 2, wherein a., *e f on nu,ae and symbol 
are as described above. 

m, * , ,7°' ,,er " SPeC, • top ^ SMof ^'-^».bs t an li an y pn re oo I n P ounds„f fonnnla. 
(13) and (,0) may be carried on. nndar suitable conditions by a process as onflined in Scheme 22 
conrpnsmg me steps of starting wHh cmpotmd of fornnda (,) and foltowing a reaction seouenc 
analogous to the app K cab,e portion ma, is described in Scbem. 3, wherein all me fonnulae and symbok 
are as described above. 

In another aspect, Ore preparation of stereoisomericaUy substantiajlypure componnds of fonnma, 
0.) and (.0, may be carted .u, mrder suitable conditions by a pmcess as onttined in Schenre 23 
cnrpnsmg the steps of starting with compound of fornnda (I) and Mowing a reaction serene, 
anaiegous to the apphcaMe portion ma, is described in Scheme 4, wherein an me fonnulae and symbol, 
are as described above. 

i 

In another aspect, me present invention further provides synmetic processes whe^by componnds 
of Mourn (20) win, rranK,^ ccntigmation to the emer ami amino mnctional groups may be 
prepared m stereoisomericoUy substantially pure torn. As ontiined in Scheme 24, to preparation of a 
sfcremsomericauy substantially pme <™ aminocyclohexy. emer compound of fonnula (20) may be 
-ted out by Mowing a process stinting tan a raccmic mixture of meso^s-.^yclohexandio, (,, 
Compound (,) is cotnmerciaUy avaBable (eg. Sigma-Aldrich, St. Louis, Missouri) or can be readHy 
sjuftestaed by published methods (e.g. )A Taylor e, al„ O*. Prceess Res. * Dev., ,998 2 !47 
Organic Syntheses, 342). * ' 

fa a to, step, one of tire hydrmcy gmnps of compound (I) is converted under suitabte conditions 
mto an activated ton as represented by me racemic mixtoe cotnprises of fonnulae (2) and (3). An 
activated form- as used hemm means to, me hydmxy gmup is converted fato a good leaving ^ <- 

1 a nZ bT Mnfi!!,,rati0n ' 71,6 ^ ~" ^ "* "* ~** «~» - «— 

w fa a nucleopmhc reacten, with inversion of stereochemical configuration known in the art, including 

Chll jTTr dfeC,0Sed ^ " h ^ * " Advanced Organic 

ChennstiV, Fl «h edttion, Chapter 10 , lohn Wiley * Sons, Inc., New York, NY. (200., SpLc 

examples of such leaving groups tolud. a ntes yl a,e (MsO-) group, a toytate g^p (TaO-) a 2- 
^ophenylsultoate group, a 4-b ro mopheny,s„,fonate gmnp or a „osy,a,e (NsO-) group. The hydroxy 
gmup n*y afco be converted inm omer sm^ 
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a* using any suitable activating agent, including bu, no, United to mose disclosed in M.B. Smith and J 
March in •■March's Advanced Organic Chennstey", Fifth edition. Chapter 10, John Wiley & Son,, too 
New York, NY. (200!). In a typical reaction for the formation of a tosyUte. compound (I) is heated win 
a continued amount of hydroxy activating rea gen. such as tosy. chloride (TsCl) in the prcsence of a base 
such as pyridine o, toethylamine. The reaction may be monitorcd and is generaUy satisfactorih 
conducted a, about 0°C, but conditions may be adjusted as required to maximize the yields of the desire." 
product. The addition of otter reagents to facilitate the fonnation of tire monotosylates may b. 
advantegeously employed (e.g MJ. MartineUi, e. a!, "Selective monosulfonytation of internal U-diol, 
catelyzed by di-n-bmyltin oxide" Tetotoedren Letters, 2000, 4t, 3773). The raoetnio mixtore comprises oi 
formula (2) and (3) is then subjected to a resolution process whereby the two optical* active isomers arc 
sq.ara.ed into products that arc in storeoisomerically substantially pure form such as (4) and (5), whereto 
G and Gi are independent., selected from hydregen, C.-Cacyl, or any other suitable functional grcup S 
ma. arc innoducod as par, of toe reso.ution process necessary for tire separation of the two isomers In 
some stations i, may be adequate that toe resolution pmcess produces compounds of (4) and (5) of 
suffices enrichment in foeir optical purity for application in toe subsequent steps of toe synthetic 
process. Methods fo, resolution of racenric mixtures are well know in toe art (e.g. E.L. Eliel and S H 
Wtlen, m IZereochemiary of Organic Compound,; John Wiley & Son* New York, 1994; Chapter 7 and 
references cited .herein). Suitable processes such as enzymatic resolution (eg. Upase mediated) and 
chremafogmphic separation (e.g. HPLC with chirel stotionary phase and/or wito simulated moving bed 
technology) are some of the methods that may be applied. 

For compound of formula (5) when G, is hydrogen, (5) is toe same as compound (3) and in a 
separate reaction step, alkylation of tire free hydroxy greup in compound (5) to form compound (19) is 
earned on, under appropriate condition, witi, compound (6), where -CM} represents , good leaving 
gmup on reaction with a hydroxy function witi, retention of the steretntoemical configuration of toe 
hydroxy function in the fonnation of an etoer compound. The leaving group may be any suitable leaving 
group known in the art, mcluding bu. no. limited to compounds disclosed in Greene, "Protective Gnmps 
m Organic Chemisuy", John Wiley 4 Sons, New York NY (1991). Tricmomacetimidate is one example 
for toe -<W3 function For some compound (6), i, may be necessary to intioduce appropriate protection 
groups prior to tins step being performed. Suitoble prctecting groups are se. forth in, for example 
Greene, "Protective Groups in Organic Chemistry", John Wiley & Sons, New York NY (1991) For 
compound of formula (5) when G, is no, hydrogen, suitable methods are used to convert (5) to compound 
<3). For example when G, is a C, aeyl function, a mild based-catelyzed memanolysis (G. Zemplen e, al„ 
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with (6) to produce (19) as described above. 

to a separate step, ae resulted con.pouna (19) « ^ ^ ^ 
compound of ronmda (8) t0 fclm (20) „ ae product ne ^ ^ ^ ^ 

wtihou, a so.ven, and a, an appropriate tempemtere range .ha, aUows me formation of ft, pmduc, (20) . 
a surrab.e rate. An excess of tire amino compound (8) my * used to ^ „ 

te me product (20, I*. reaction may be performed in fc presence of a base tha, can facilitate 
fomrationoftheprodu*. Genera,l yfl ,eba S ei 4 n 0 n- n uc 1 eophiIicincbe In ica,reac ti v iV . When the reacno, 
bas pleaded ,o substentia. completion, rhe product is recovered Son. rae ^ ^ b> 
conventions, organic chentistiy tectanaues, and is purified accordingly. Protective groups may U 
~ a, U,e appropriate atege of the reaction sconce. Suitable memods a. set form in, for example 
Greene, ^«^voG ro npai 0 (^cCh ra nisny-,JohnWiloy&Son S ,NewVorkNY(1991) 

The reaction sequence described above (Scheme 24) genexa.es me eomponnd of formu,a<20) - 
*e fie* base. The tree base may be converted, if desired, te the .^hydrochloride sal, by taOT vr 
methodology, or alternative* if desired, te other acid addition sans by .action with an inorganic o, 
mgantc acrd nnder appropriate conditions. Acid addition sans can afco be prepared metatiteticaUy b> 
reaction of one ae,d addition sal, with an acid ma, is stionger man ma, giving rise ,o me initial sal, 

sabs, . r ^ * e ^ iDVa * > ° n * PIOCCSS * ae «■ • ~>mericaU y 

substantially pure compound of formula (20): 

Ra (20) 

C "T^T^ are independently selected from hydrogen, 

C,-C 8 alkyl, C 3 -C 8 alkoxyalkyl, C.-C 8 hydroxyalkyl, and C 7 -C 12 aralkyl; or 

in formula <Jl ^ ^ T ^ ^ ^ * ^ *" t0 ^ ™ ^ ^ched 
in formula (20), form a ring denoted by formula (I): 



(I) 
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whe rem the ring of fomnda 0) is fonned fix,™ Ute nitrogen as shown a. weU as a™, „ addition 
nng atoms urdependently selected ftom carbon, nitrogen, oxygen, and suHur; whom any nvo adjacent * 
atoms may bo joined together by sing,, „, doub.e bonds, and where any one or more of the additf on 

TZ7 T, ^ "* OM " *" — " *» "yd^en, -y*ox 

C.-Cdrydmxyalxy,. oxo, C^acyl, C-Calhyl, C^alhyfcarboxy, C.^oxy, C-C^alcanoyloxy, . 

may b. subshtuted to form a spiro five- or six-membemd heterocyclic ring containing one or tv. 
besoms selected fton, oxygen and sulftn; and any two adjaoeot additiona. ca*o„ ring atoms may . 
bT \ C3 : CWaAOCyC,iC ™ & md ~ OT — °' *' addition* nitrogen ring atoms may r 

C cT ^, SUbS '" UentS ^ *» **«~ C-Cacy,, C^ydroxyaixy, an 

C 3 -C8aikoxyalkyl; or 

R, and R„ when token together 4e ^ , o ^ ^ ^ 

r,?'r y ^ * biCy ° nC ** Syaem 3-a,ab i cyo 1 o[3^]nona«.3-y I , 2-a* 

bteydop^oetan^-yu S-a^ieyotep.l.O^an-S-yi and 3^b i eye I o[3.2.01hep tlm .3-yl- am. 

R* R, and Rj are independently selected ftom bromine, chlorine, fluorine, carboxy, hydmget 
hytboxy, hydrnxyutethy,, ntemanesunonarnido, nifto, cyano, suKamy,, bttnoromefcy 
Ca^aBtenoy.oxy, C-Qaiky,, C.-Qafcoxy, C^oxycarbony,, C-Ctfhioalky,, ary. and NC^R, 
where R, and R, are independently selected ftom hydrogen, acetjd, memanesulfony), and C.-Csalky!- 

eomprising the steps of starting with a compound of formnla (1), and foUowing a reactio, 
seqnence as onllined in Scheme 24 onder snitable conditions, wherein 

G and G, are independendy se,ected ftom hydrogen, C,-C W ., or any other sni«ab.e functiona 
gronps tha, are urftoduced as par, of the resolution process necessary for me separation of the tw. 
isomers; 

-O-Q represents a good leaving group on reaction with a hydroxy (unction with retention of th, 
atemochem^ —to—, of.be hydroxy function in the formation of an edrer compound, induding 

-O-J presents a good leaving group on reaction with a nucleophiUc reacten. with inveraion « 
*e stemodremmal common, mCuding, bu, no, limited «o, those disclosed in -Pmteetive Groups is 
Organrc Chennstry", ,ohn Wiley & Sons, New Yo* NY (.991), as shown in Scheme 24 and all * 
formulae and symbols are as described above. 

ht another aspect, the present invention provides a process for the preparation of a 
steremsomencally substantial* pure compound of formula (22), comprising the steps under suitabte 
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Zy T r : hOW " 25> WhOTto - * f — - ~ are - described above. A 

~ ,n 25 ' - PrcPara,i0n ° f ' substantial pure „ OM satinec^ 

e*es canted of (22) tna y be ^ out by ^ ^ ^ J * 

•> witb Tsc, fa fc presence of Bu! SnO md trie^antine UIlder ^ ^ 

« « * — - of irdema. ^ cata,^ by ^ uWtfa J£ 

Tetrahed™ toners, aooo, fl. 3773). The resubins racanio ^ of hydroxytosytates l pljses „ 

znrrvrr is ^ - a u ~ ated «— — - — 

Z TT """"" " ° " (,0> — * <"> * - ~ - UP- derive. 

03). Jna sepa^te step, the ^isomerics..,, substantia^ pure confound of fonnn,a (.0) obtainedL 

» rrt"" ^ *° W ^ b ~ «- S^a-Aioncn, St Loni. 

«oI « , "* h ttiCh,OTOa "» " -pound (,0) b, 

n,chlo^nnnda,a(15)n ray nooani ed on,i„«h e p re senceofaLew i sac i d S nchasHBP a 

M^dnn,, (,7) invasion of conned™. J^ndino. (,7) is commercial 

n r « ^ * ^ ^ ^ " * ™ «— « <» P— P-edure 
la.t" 1997 " ' 30 - ' 85 " 397) - ^ * — ~ ^ or without a ao.ven, 

n:frr e ^ m " m " tta, " iowstte— n ° ftte ^<->-^--^ 

~ r° COmP ° ,md (17> ^ *° — " — — < 2 '> * *e product 

(22, Tbe macbon ma y be performed in Ute presence of a base «ba, ean fteUi^e ». fo^on of «be 

prodno . Gen^ to addiHona, baae is non-nnCeopbibo in abandon. ^ Wben «,e rejol 2 
„ ,o anbsfcnna, co.p.ebon, 0» de.red pt od„o« „ „ to «. ^ 
oonvenbonal organ,o obennaby teohniqnes, and is prtfied aooordingly. 

In another aspee, the preparation of a stereaisomenoaUy substantia.,, pnr e Mm ami„oo y o.ohex y . 
^ conrponnd of fom,u ta (22) raay be carried on, nnder aaibtb.e conditions b y a prooeaa as ontUn^ 

rr? steps """^ cond " ions " *- k «- 2 «- « - - 

fonnn ae and Sy ntbo.s a. as described above. As ontbned in Sebente 26, tbe prepanttion of a 

' W °™ amta °~ yl — «~ "f fornt u ,: (22 1 b 
earned on, bv Sttrtl n g ^ ^ moaotosyIation „ f ^ ^.^^^ 

presence of B U! SnO and bietb ytal ine nnder suite b.e co^btions (MJ. Martine U e, a,. ^Selv 
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oronosuKonylanon of mtemal ,, Mols catalyMd oxide „ Tetrahedron 

3773). "The resulhng ^ ^ of hydroxytosylates amfriaa ofoompoimds 

^ected ,o a Mediated rosohroon process undo, sudable _ „ 

~s (1 1) and (10) wilh viny, acetate (14) in the ^ of a ^ derived ^ £ 

(N.Boaze,al.,TelnL Aaymmetiy, 1994,5, 153)u> provide compound(12) and (11) 

to a separate step, roe sterooisomerically subsfcntiaJly pore cempound of formula ( 12 ) obWned 

So « ZTr™ " 3 ^ *—">»- — <** (O- « - a,., Be,, 

^ *° C ° mPOmd (1 °>- * <° Elated under appropriate conditions by tieammn, 

~ I' h '~ <bte (15) to *" W Xb. niobioroaceonridate (.5, Is readily 

prepared iron, ,ba contending alcobol, 3,4^nethoxyphene*y, alcobo, which is conuneroially 
avertable (e.g. S.gma-AMrich, St Louis, Missouri), by freuunen, wHh «ebloroaeetoni«.e. Tbe aKylation 
of™ (10) by ,rich,oroace«mida,e (15, uray be carried out m the presence of a Lewis JL as 

suck j"7 th ",77 tt -* «" to ^« °f formula (21) is displaced by an amino compound 
aucb * *-pyro,bd»,o, (17) ^ mveraion of 3^.^ fa 

« "T'^ ^ ^ "''^ ° r *** * ~ — *« - P— procedure 
(e.g. ChemSer./Recuei, ,997, ,30, 385-397). Tbe roacrion may be cabled ou, with or without a ao,ven, 
and a, anappropriat. temperature range ma, allows me fonnatton of me product (22) a. a suitab,. rate An 
excess of me amino compound (,7) may be used to maximally convert compound (2,) to me product 

™L? e G 7 7 " PCTf ° m ' ed * «— ~ ° f " *- - *"«"• Nation of ». 
pro I dT "T ^ b — * -activity. Wben me reaction bas 

proceeded ,„ subaantia, common, roe desired product is rocovered from the reaction nrixnu* by 
conventional organic chemistry techniques, and is purified accordingly. 

in another aspect, ,he present invention provides a process for the prestation of a 
— ^ - — " — • «X comprising me *ep S under sail 
« shown m Scheme 27, wherein al, the ronmdae and symbols are as described above. As 
oudroed m Scheme 27, me proparation of a stereoisomericaUy substantial* pure n™ aminocycrohexy, 
em« compound of fotmum (22) may be carried ou, by stinting with me mono,osy,ation o, me cia-, 2 
cycfohexand o, („ with TsCl in roe prosence of Bu 2 SnO a*d «etby,amine under sui te b,e conditiona (MX 
1 —m, of interna, ,.2-diols catted by di-n-butyltro oL 

Tetrahedron Leders, 2000, fl. 3773). Tbe resulting racemic mixmro o, hydroxytosylates compriaes of 
compounds („, and (10) is subbed m a chromarogrophic resolution process undatable Z£ 



sf-1539479 

23 



such as HPLC wiflr a- appropriate chira, stadona^ phase and staged moving bed techno , ogy , 
provrde compounds (11) and (10) in steteoisomtnically subtly pare fonn 

In a sepamte step, the stemoisomericafly substenriafly pare compound of fonmfla (10) obtaiue, 
horn mo reaohtdon process is aflcylated under appropriate conditions hy treatment with m, 
drch.oroacedm.dare (,5) to fomr compound (16). The tricMonaaceflmidate (,5) is readily prepay iron 
Ate co^onding alcho,, S.^imeflroxypheneflry, alcohol which is commercia))y avai!ah.e (e.g,Sigma 
rMdrreh, St Louts, Missouri), hy meatmen, with trichWceteuitiile. The action * tampomi (10) bj 
drchloroacedmidale (15) may he cturfed on, in the presence of a Lewis acid such asHBF, 

to another separate step, the tesylate gmup of formula (21) i, dispbeed hy an ammo compounc 
such as rf.pyrrohdmo, ( 17) with inversior, of cordon. 3^-pyrro.idino. (17) is comntemiafl, 

ZTeT* TT 1 * st Uuis ' M — • or may * ^ — *« - P— 

(e.g Chem.BerVRecuefl ,997, ,30, 385-397). The reaction may he carried on, wim or wttbou, a solvent 
and a, - appropriate tempemture mnge ma, allows me fonnadon of me prodnc, (22) a, a animate rate. As 
excess of fte ammo compound (,7) may be used to maximally convert compourrd (2,) te the prodnc, 
(22 . The reaction may he perfomred » fte presence of a base ma, can fccilitate the fonnadon of fl* 
product G^erauy dre addidona, hase is non-uuc,eophihc in chemica, reactiv*,. When dre reacdon has 
proceeded ,o substantia, compfction, the desired prodnc, ia recovered from me reacdon mixdne hy 
convennonal organic chemishy techniques, and is purified accordingly. 

The reacdon sequences described above (Scheme 25, Scheme 26 and Scheme 27) in geneml 
generate dre compound of fonrmte (22) as dre fine base. The fiee base maybe convened, if desired, to the 
monohydrocMonde sal. hy xnown mefltodCdgies,- or ahemanvely, to other acid addition sal* by reacdon 
2r,TT M Wd * -«» «— can a,so be prepared 

mTst reaCt, ° n ° f ^ " M addiM ° n M *» - iS ~ - - ^ving rial fire 

In -other aspect ttrepreparadon of a stemoisomericafly substentiaUy pnren™ aminocyclohexy. 

zzr t m my te ~ * ■ »— - — m 

Sc eme 28, compnamg fire stepa of adufing wifl, a racemic mixture comprises of formulae (2) and (3) and 

a 7^°; ^ ana, ° 80nS ^ - »— - » * Scheme 24, wherein 

all the formulae and symbols ate as described above. 

In another aspect «he preparation of a stereoisomerically aubatandaUypure tran s aminocyclohexy. 

S^m T ^ ^ " e ^ ~ — —* — * * - ~ - 

Scheme 29, compnsmg dm steps of aterting wifl. a racemic mixtiue comprises of fornrtflae („) and (10 ) 

af-1539479 

24 



and following a reaction sequence analogous to the applicable portion that is described in Scheme 25 
wherein all the formulae and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexy 
ether compound of formula (22) may be carried out under suitable conditions by a process as outlined i, 
Scheme 30, comprising the steps of starting with a racemic mixture comprises of formulae (11) and (10 
and following a reaction sequence analogous to the applicable portion that is described in Scheme 26 
wherein all the formulae and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans ammocyclohexy 
ether compound of formula (22) may be carried out under suitable conditions by a process as outlined ir 
Scheme 31, comprising the steps of starting with a racemic mixture comprises of formulae (1 1) and (10' 
and following a reaction sequence analogous to the applicable portion that is described in Scheme 27 
wherein all the formulae and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexy) 
ether compound of formula (20) may be carried out under suitable conditions by a process as outlined ir 
Scheme 32, comprising the steps of starting with a compound of formula (5) where G, is hydrogen anc 
following a reaction sequence analogous to the applicable portion that is described in Scheme 24, whereir 
all the formulae and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexy] 
ether compound of formula (20) may be carried out under suitable conditions by a process as outlined in 
Scheme 33, comprising the steps of starting with a compound of formula (5) where G, is not hydrogen 
and following a reaction sequence analogous to the applicable portion that is described in Scheme 24. 
wherein all the formulae and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (22) may be carried out under suitable conditions by a process as outlined in 
Scheme 34, comprising the steps of starting with a compound of formula (10) and following a reaction 
sequence analogous to the applicable portion that is described in Scheme 25, wherein all the formulae and 
symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (22) may be carried out under suitable conditions by a process as outlined in 
Scheme 35, comprising the steps of starting with a compound of formula (12) and following a reaction 
sequence analogous to the applicable portion that is described in Scheme 26, wherein all the formulae and 
symbols are as described above. 
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In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexj 
ether compound of formula (20) may be carried out under suitable conditions by a process as outlined i 
Scheme 36, comprising the steps of starting with a compound of formula (19) and following a reactio 
sequence analogous to the applicable portion that is described in Scheme 24, wherein all the formulae an. 
symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohex> 
ether compound of formula (22) may be carried out under suitable conditions by a process as outlined i 
Scheme 37, comprising the steps of starting with a compound of formula (21) and following a reactio, 
sequence analogous to the applicable portion that is described in Scheme 25, wherein all the formulae an. 
symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formul. 
(19) may be carried out under suitable conditions by a process as outlined in Scheme 38, comprising th 
steps of starting with compound of formula (1) and following a reaction sequence analogous to th 
applicable portion that is described in Scheme 24, wherein all the formulae and symbols are as describe, 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formul 
(19) may be carried out under suitable conditions by a process as outlined in Scheme 39, comprising th, 
steps of starting with compound of formula (1) and following a reaction sequence analogous to th, 
applicable portion that is described in Scheme 24, wherein all the formulae and symbols are as describe, 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formul; 
(21) may be carried out under suitable conditions by a process as outlined in Scheme 40, comprising th. 
steps of starting with compound of formula (1) and following a reaction sequence analogous to th. 
applicable portion that is described in Scheme 25, wherein all the formulae and symbols are as describe, 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formul; 
(21) may be carried out under suitable conditions by a process as outlined in Scheme 41, comprising th. 
steps of starting with compound of formula (1) and following a reaction sequence analogous to th. 
applicable portion that is described in Scheme 26, wherein all the formulae and symbols are as describe, 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formul; 
(2!) may be carried out under suitable conditions by a process as outlined in Scheme 42, comprising th. 
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steps of stating wi(h compound of formuia (,) and folio-ving a action sequence analogous «o « 
appucabte portion is described in Scheme 27, wherein ali the form-he and symbok are as describ, 
above. 



In another aspect, the present invention provides a compound of formula (4), or a solvate < 
pharmaceutical acceptable salt thereof; wherein all the formulae and symbols are as described above. 

In another aspect, the present invention provides a compound of formula (5), or a solvate < 
pharmaceutical^ acceptable salt thereof; wherein all the formulae and symbols are as described above 

In another aspect, the present invention provides a compound of formula (6), or a solvate < 
pharmaceutically acceptable salt thereof; wherein all the formulae and symbols are as described abo, 
wth the proviso that R 3 , R, and R s cannot all be hydrogen. ' 

In another aspect, the present invention provides a compound of formula (7), or a solvate c 
Pharmaceutically acceptable salt thereof; wherein all the formulae and symbols are as described abov 
with the proviso that when R 3 , R* and R s are all hydrogen then J is not a methanesulfonyl group. 

hi another aspect, the present invention provides a compound of formula (10), or a solvate c 
pharmaceutically acceptable salt thereof; wherein all the formulae and symbols are as described above 

In another aspect, the present invention provides a compound of fonnula (1 1), or a solvate c 
pharmaceutically acceptable salt thereof; wherein all the formulae and symbols are as described above 

In another aspect, the present invention provides a compound of fonnula (12), or a solvate o 
pharmaceutically acceptable salt thereof; wherein all the formulae and symbols are as described above 

In another aspect, the present invention provides a compound of formula (13), or a solvate o 
Pharmaceutically acceptable salt thereof; wherein all the fonnulae and symbols are as described above 

In another aspect, the present invention provides a compound of formula (16), or a solvate o 
pharmaceutically acceptable salt thereof, wherein all the formulae and symbols are as described above 

In another aspect, the present invention provides a compound of fonnula (19), or a solvate o 
Pharmaceutically acceptable salt thereof; wherein all the formulae and symbols are as described abov 
wrth the proviso that when R 3 , R, and R s are all hydrogen then J is not a methanesulfonyl group 

In another aspect, the present invention provides a compound of formula (21), or a solvate o 
Pharmaceutically acceptable salt thereof; wherein all the formulae and symbols are as described above. 

All publications, patents, and patent applications cited herein are hereby incorporated by reference 
m their entirety for all purposes to the same extent as if each individual publication, patent, or patent 
apphcation were specifically and individually indicated to be so incorporated by reference. Although the 
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foregoing invention has been described in some detail by way of illustration and example for purposes of 
clarity of understanding, it is readily apparent to those of ordinary skill in the art in light of the teachings 
of this invention that certain changes and modifications may be made thereto without departing from the 
spirit and scope of the patent application. 
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